Consider a two-qubit maximally entangled state that gets corrupted when only one of the qubits is subjected to local interaction with the environment via amplitude damping channel. We show that this corrupted state gets better by allowing the other qubit also to interact with the environment. Moreover if the corrupted state is non teleporting, then it can always be made teleporting by the same prescription. We point out that entanglement of formation is thus insensitive to teleportation fidelity: "more" entanglement does not necessarily imply greater teleportation fidelity. We also discuss the relevance of these effects in the context of entanglement distillation.
Maximally entangled states are essential for faithful quantum communication, though in practice, there may be imperfections in preparation. Even if we assume that there are no imperfections in preparation, still to protect such a perfectly prepared maximally entangled state from decoherence is exceedingly difficult. It is well known that dissipative actions are normally responsible destruction of quantum inseparability by destroying the quantum superposition. Since it is practically impossible to achieve complete isolation of a quantum system from its external environment, reduction of quantum correlations is inevitable. Thus decoherence, in effect turns a maximally entangled state into a mixed entangled state or a separable state depending on the strength and nature of the interaction concerned. However, very recently Badziag et al [1] provided examples of non teleporting states that can be made teleporting by allowing for dissipative actions.
In this letter, we uncover some novel features brought about when a maximally entangled state is subjected to dissipative interactions with local environment via amplitude damping. Considering two possibilities: (a) a single qubit is affected, (b) both qubits are affected, we show that the case, "both qubits affected" is sometimes better than the "one qubit affected" case, where quality of an entangled state is measured in terms of teleportation [2] fidelity.
With this, we demonstrate that dissipative interactions serve as a way to improve the quality of an entangled state. As a consequence of this we show that non teleporting states are made teleporting by this curious prescription. Thus, it is shown, the class of mixed entangled states whose teleportation fidelity is enhanced by allowing for dissipative interactions are actually generated by similar dissipative actions on one of the qubits of an initially uncorrupted entangled state. Importantly, all these effects depend on the strength of the amplitude damping channel interacting locally with the qubits. One should note that the local interactions with the environment via amplitude damping are entirely trace preserving. Although one cannot increase entanglement by local trace preserving operations (TP LOCC), still we find an enhancement of teleportation fidelity by this type of TP LOCC. This means that "more" entanglement does not necessarily imply larger teleportation fidelity. We point out that classical correlations indeed play a vital role besides quantum correlations for mixed entangled states such that even less entangled states are sometimes more suitable for teleportation than relatively more entangled states. Further, the above consequences have important implications in the context of entanglement distillation [3, 4] . Our results provide a significant improvement, though for a class of states, for which fully entangled fraction (FEF) [5] is enhanced from < 1/2 to > 1/2 by TP LOCC.
Our results can be best understood in the following way: Suppose we have a bipartite maximally entangled state, say, ρ and the qubits of this entangled pair undergo interactions with their respective local environments via amplitude damping. There are two possibilities:
Case 1: Only one qubit gets affected: ρ → ρ 1 (possibly a mixed entangled state). Case 2: Both the qubits are affected: ρ → ρ 2 (also possibly a mixed entangled state).
To put things from a more instructive point of view, assume that, in the beginning only "qubit 1" was affected by amplitude damping, so that, ρ → ρ 1 . We now allow "qubit 2" also to interact via similar dissipative interaction, so that ρ 1 → ρ 2 . Now, if we ask the question:-which state is more useful for teleportation ?, then one may be tempted to speculate that ρ 2 is definitely worse that ρ 1 in terms of efficiency to perform teleportation. In other words, it is expected that ρ 1 should have a higher teleportation fidelity.
To our surprise we found that the state ρ 2 is sometimes "better" than ρ 1 having a higher teleportation fidelity, implying, entangled states can become less corrupt when both the qubits are affected instead of one. Importantly, this also signifies, if an entangled state already corrupted by amplitude damping acting on only one qubit, then the lost inseparability can sometimes be partially recovered by allowing for similar dissipative action on the other qubit. Thus we are able to extract, though partially, the non local correlations with this prescription. In other words we are able to partially repair the damage, by allowing for the cause of it ! Moreover if ρ 1 (the resulting state when the first qubit is affected) is a non teleporting state then it can always be made teleporting by allowing the second qubit (which didn't interact with the environment before) to interact with the environment through the amplitude damping channel. We emphasize that all the above consequences depend on the strength of the amplitude damping channel affecting the first qubit. Here one should note the interactions via amplitude damping are entirely trace preserving. Thus the above consequences are of importance in the context of entanglement distillation [3, 4] because we are now able to increase the FEF for a class of states from < 1/2 to > 1/2 by TP LOCC without resorting to filtering procedures [6, 7] . Also the facts: (a) entanglement cannot increase by TP LOCC and (b) fidelity of teleportation increases in our case by TP LOCC, suggest "more" entanglement does not necessarily mean greater teleportation fidelity. Entanglement of formation [8] is thus shown to be insensitive to teleportation fidelity.
We now briefly discuss the action of an amplitude damping channel on a qubit [9] . The amplitude damping channel describes the interaction of a two level atom with the electromagnetic field (environment). The Unitary transformation that governs the evolution of the system and the environment is defined by,
Physically this implies that if an atom is in an excited state |1 A , the probability that it makes a transition to the ground state |0 A with the emission of a photon is p. The environment also makes a transition from the "no-photon" state |0 E to the "one-photon" state |1 E . . Tracing out the environment we obtain the Kraus operators,
and it is easy to check that
implying that the operation is trace preserving. The density matrix ρ of the quantum system then evolves as
Thus the above equation defines a linear map Λ (a super-operator, describing some physical process, which in this case is the interaction of a two level atom with an e.m. field) which takes a density matrix to another density matrix. It is clear that the amplitude damping channel is characterized by the parameter p, the transition probability, which also describes the dissipation strength.
Let us now consider the following situation: Alice and Bob share a maximally entangled state,
and the density operator corresponding to the above state is ρ = |Φ + Φ + |. Assume that only Bob's qubit interacts with its local environment via the amplitude damping channel. We designate the strength of the dissipative interaction on Bob's side by p b . Such an interaction is described by the following transformation:
where
This interaction turns the maximally entangled state, originally shared by Alice and Bob into a mixed entangled state,
It may be useful to note that this state is always entangled for p = 1. The fully entangled fraction [5] of this state is,
For this state to be useful for teleportation we must have f (ρ ′ (p b )) > 1 2 [10, 11] which puts a restriction on the parameter p b ,
i
We now allow Alice's qubit also to interact with the environment. The dissipation strength is now denoted by p a and in general p a = p b . Note that the entangled state now shared by Alice and Bob is described by the density operator ρ ′ (p b ). We therefore have the following transformation describing the action of amplitude damping channel on the qubit belonging to Alice:
where W ′ i ≡ K i ⊗ I. After the interaction defined by (11) the state of Alice and Bob is transformed into the state,
First note that the above state is always entangled for p a , p b = 1. The FEF corresponding to the state
At this point, though it may be natural to speculate without going through any relative quantitative study that ρ ′′ (p a , p b ) must be qualitatively worse, but surprisingly we now show that this is not true always ! It turns out that, for
we have
This implies that the case "both qubits are affected" turns out to be better than "one qubit affected" case when a maximally entangled state undergoes local interactions with the environment via amplitude damping. This is hardly satisfying intuitively as we always expect things to behave the other way ! An immediate question is: Does it imply that given any p b we can always find a suitable range of p a such that the inequality (15) is satisfied?
The answer is no. This follows from the inequality (14) by observing that g(3/4) = 0. This means, we can always find some suitable range of p a such that the inequality (15) is satisfied provided p b > 3/4. Stated more explicitly, if and only if, had Bob's qubit interacted with the environment via the amplitude damping channel characterized by the parameter p b such that p b > 3/4 , then a qualitative improvement of the corrupted state is made possible by allowing the other qubit also to interact with its local environment in accordance with inequality (14).
Thus we have seen that for p b > 3/4 we have at our disposal a range of possible values of p a given by (14) and satisfying the inequality (15). Then another important question remains to be answered: For which value of p a , f (ρ ′′ ) attains the maximum value ? In other words, for which value of p a highest fidelity for teleportation can be achieved ?
One can easily see that (13) is maximized for
Here it is interesting to note that (16) immediately gives a lower bound on the value of the parameter p b , which is 3/4 and this bound we have obtained before. Here one should also note that the maximum fidelity for teleportation obtained by substituting the value of p a given by (16) in the expression (13) for all p b > 3/4 is greater than 1/2. From this it follows that even if the state ρ ′ (p b ) is non teleporting it can thus be made teleporting. This issue is now addressed below.
As pointed out earlier, from (10) it follows that when
) is less than 1/2 implying that the family of states ρ ′ (p b ) is not useful for teleportation. Though, by allowing the other qubit to interact, the fidelity of teleportation can be improved in accordance with (14), it is important to obtain all allowed values of p a , such that, ρ ′′ (p a , p b ) is teleporting. It turns out that, for p b ≥ 2 √ 2 − 2 the allowed range of p a such that the non teleporting states are transformed to teleporting states is,
It is important to note that the above range of p a concerns only the issue of transforming non teleporting states to teleporting states. In particular the maximum teleportation fidelity is obtained when p a takes the value given by (16). Nevertheless, choice of any value of p a for the dissipative interaction on Alice's qubit, as defined by (17) will necessarily transform the non teleporting state to a teleporting one. Now, even if the corrupted states ρ ′ (p b ) are useful for teleportation (which they are, for 3/4 < p b < 2 √ 2 − 2) still their fidelity can be enhanced by allowing the other qubit to interact with the environment for any value of p a given by (14).
While showing the above effects we started with a maximally entangled state which is then subjected to interactions with the local environment. We do believe that these effects could have also been observed if we had chosen the initial state to be a general two qubit bipartite entangled state. Our calculations with the initial state chosen to be any pure entangled state or a Werner state showed these effects, although the conditions turned out to be complicated [12] . Thus, if one is interested to have a complete classification of the states for which teleportation fidelity can be enhanced by TP LOCC, then we have the following conjecture for bipartite systems: 
We now discuss some important consequences of our results. We note that the local operations used for enhancing the FEF are entirely trace preserving. Thus our results have important implications in entanglement distillation [3, 4] . For distillation of mixed entangled states having FEF less than 1/2, one has to primarily apply filtering procedures [6, 7] to improve FEF so as to exceed 1/2. This is crucial because only then protocol of Bennett et al [3, 5] can be applied successfully. However, filtering processes [6, 7] are not trace preserving and hence, a number of pairs needs to be discarded. In view of this our results provide a significant improvement for a class of states,
for which there is no need to apply filtering to enhance the FEF. As we have shown, by TP LOCC (which is allowing for dissipation via amplitude damping) one is now able to enhance the FEF from a value < 1/2 to a value > 1/2.
Another interesting consequence results from the fact that TP LOCC cannot increase entanglement. Still, we found an increase in teleportation fidelity for a class of states ρ ′ (p b ), p b > 3/4 by applying TP LOCC. In particular we have been able to transform non teleporting states to teleporting states. Clearly this seems to be a contradiction. We calculated the entanglement of formation (EOF) [8] for the states ρ ′ and ρ ′′ for which the inequality (15) is satisfied. We obtained EOF (ρ ′ ) > EOF (ρ ′′ ), although f (ρ ′ ) < f (ρ ′′ ). Thus EOF is seen not to be sensitive to teleportation fidelity. Consequently, more entanglement does not necessarily mean larger teleportation fidelity. Classical correlations, are thus playing a vital role such that even less entangled states are found to be more efficient for teleportation having larger teleportation fidelity than the states that are more entangled.
In conclusion, we have investigated the action of local environment via amplitude damping channel on maximally entangled states. We have shown that entangled states when corrupted through such local interactions acting only on one of the qubits can sometimes become better by allowing the other qubit to undergo similar dissipative interaction. We have also shown that such dissipative interactions that are usually responsible for decoherence and destroying quantum inseparability can also sometimes help in improving the fidelity of quantum teleportation. As a striking consequence of this, transforming non teleporting states to teleporting states is thereby made possible. We discussed why these effects have important bearings in entanglement distillation. In particular, we have identified the class of states for which FEF can be increased from < 1/2 to > 1/2 by TP LOCC, thus filtering for a class of states in order to make them distillable is not required. Finally, we also pointed out, more entanglement does not always imply better fidelity for teleportation.
